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Early control of the distal internal carotid artery
during endarterectomy: Achievability and results
Bernard M. Bourke, FRACS,a and Denis S. Crimmins, FRACP,b Gosford, New South Wales, Australia
Purpose: The purpose of this study was the report of the results of a consecutive series of carotid endarterectomy (CEA),
performed by one surgeon and independently assessed by a neurologist, in which the achievability of selective early
control of the distal internal carotid artery (ICA) was prospectively recorded.
Methods: All patients who underwent CEA by the surgical author between November 17, 1999, and November 15, 2001,
were entered into a prospective study during which early selective exposure and clamping of the distal ICA were attempted
(with initial avoidance of carotid bifurcation exposure and retraction), which allowed the remainder of the procedure (in
patients without shunting) to be performed with ICA clamp protection and anticoagulation therapy. All the procedures
were performed with local cervical block anesthesia, all the patients underwent a vein patch procedure, and, with one
exception, cerebral angiography was not used. Major morbidity (stroke and myocardial infarction), mortality, and
consecutiveness were independently verified by a neurologist.
Results: 148 consecutive CEAs were performed. In 142 cases (96%), the soft distal ICA could be initially isolated and
controlled without dissection of the plaque-bearing bulb bifurcation area (group A), and in the remaining six cases, the
carotid bifurcation had to be exposed and retracted to allow ICA clamping (group B). A shunt was needed in 15 cases (14
in group A, one in group B), which left 128 cases (86%) in which the procedure could be performed with the ICA clamped
and the brain theoretically protected from particulate plaque embolism. There were no strokes or deaths, one patient had
temporary vertebrobasilar ischemia, one patient had a myocardial infarct, one patient had a temporary accessory nerve
palsy, one patient returned to the operating room for release of a cervical hematoma, and 94% spent one postoperative
night in the hospital.
Conclusion: Early selective distal ICA control is highly achievable during CEA without apparently compromising clinical
results. Its use is relevant when selective methods of shunting that do not need initial control of the common and external
carotid arteries (eg, local cervical block anesthesia, electroencephalography/other monitoring) are used. Further
evaluation with transcranial Doppler scan monitoring is suggested to substantiate the theoretic potential of this method
in the reduction or elimination of particulate plaque embolism. (J Vasc Surg 2002;36:70-4.)
Proponents of carotid endarterectomy (CEA) should
continually strive to eliminate causes of morbidity and
mortality. To date, surgical debate has focused on issues
such as shunting, patching, eversion versus traditional end-
arterectomy, and the appropriateness of cerebral angiogra-
phy, but there has been less discussion regarding methods
of cerebral protection during carotid exposure. In recent
years, intraoperative transcranial Doppler scan monitoring
(TCD) has shown that emboli occur during routine carotid
exposure. Embolization during the initial dissection of the
bifurcation has been shown to be particulate, and alteration
of technique may modify the embolic response.1-8 In par-
ticular, the clamping of the internal carotid artery (ICA) has
been shown to stop intraoperative embolism, and although
early selective distal ICA control has been alluded to, we are
unaware of any study highlighting its use.8 In this study, we
present our experience with a sequence of carotid artery
exposure, which, although possibly widely practiced by
others, has not been previously detailed and which could
prove beneficial in the reduction of CEA-associated stroke.
METHODS
Patients. From November 17, 1999, all patients who
underwent CEA by the surgical author (B.M.B.) were
prospectively entered into this study that recorded the
method of carotid artery exposure. CEA was recommended
for patients with localizing ICA symptoms (cerebral hemi-
spheric transient ischemic attacks, retinal ischemia, com-
pleted stroke) if the degree of ICA stenosis was60% with
duplex ultrasound scan (DUS) results. If such symptoms
occurred with lesser stenosis but DUS results showed the
plaque was bulky and hypoechoic, CEA was also recom-
mended. CEA was also performed for nonhemispheric
ischemia if symptoms were disabling and for asymptomatic
80% stenosis if the patients were thought to have a high
likelihood of survival for at least 5 years. Aspirin therapy was
usually ceased 1 week before surgery unless cerebral symp-
toms had occurred within 1 week of surgery. All patients
(except those with serum creatinine levels of 0.20
mmol/L) received perioperative infusions of dextran 40 at
20 mL/h at admission to the hospital, which was immedi-
ately preceded with an intravenous 20-mL bolus of dextran
1 for prevention of anaphylaxis. The infusion usually was
maintained until the first postoperative morning. All the
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patients were scheduled to undergo DUS (without cerebral
angiography) and local cervical block anesthesia. Saphe-
nous vein patching (preferably harvested from the groin)
was intended for all patients, and all patients were sched-
uled for a single night stay in the hospital before discharge
to home. Aspirin therapy was usually recommenced on the
day after discharge.
Duplex ultrasound scan. DUS was performed by one
of three accredited vascular sonographers with either ATL
(HDI 3500, Advanced Technology Laboratories, Both-
well, Wash) or Gateway VST Master Series (Diasonics
Ultrasound Inc, Milpitas, Calif) color flow scanners. Steno-
ses were graded, according to the hemodynamic parameters
of Zwiebel,9 as none, moderate (60%), severe (60% to
80%), or critical (80%). Selected plaques harvested at
surgery were regularly shown to the sonographers as part of
the vascular laboratory’s quality maintenance program.
Anesthesia and surgery. All the procedures were per-
formed in conscious patients after instillation of deep and
superficial local anesthetic cervical blocks according to
modifications of the methods of Davies et al.10 The use of
sedative drugs was left to the discretion of the anesthetist.
Prior experience had shown that excess sedation caused
patient confusion and that it was better to add increments
of local anesthesia as the surgery proceeded rather than
oversedate patients. After a longitudinal curvilinear incision
through the skin, fat, and platysma and to coincide with an
anterior neck skin crease, the focus of the dissection was
centered on the area between the angle of the jaw and the
upper insertion of the sternomastoid muscle. Without ca-
rotid artery disturbance, the posterior fascial vein was di-
vided, and with gentle division of the investing fascia above
that level, part of the external carotid artery (ECA) came
into view as a guide to the distal ICA, which was seen on a
deeper plane to the ECA and, in the case of rotated bifur-
cations, also somewhat medial. This plane was developed to
expose the ICA usually well above its origin and well
beyond the plaque-bearing bulb carotid bifurcation area.
The distal extent of the plaque was established with gentle
palpation with the tip of the surgeon’s index finger,
whereby the ICA was briefly pressed against the medial
neck structures to oppose the medial and lateral walls of the
vessel, allowing the distal tip of the plaque to be felt.
During the exposure, the sternomastoid artery and vein
usually needed division, as occasionally did the posterior
belly of the digastric muscle and the occipital branch of the
ECA. In addition, gentle retraction of the hypoglossal
nerve with a silicone vascular tape was sometimes needed,
but, importantly, vascular tapes were not used to pull on
the ICA because prior experience has shown that this could
cause intimal fracture above the intended upper level of
endarterectomy. Even with high bifurcations, it was rare
not to expose sufficient distal soft ICA (to apply a clamp)
without further proximal dissection and retraction of the
bifurcation. After long saphenous vein harvest via a trans-
verse groin incision, the patient underwent anticoagulation
therapy (approximately 100 IU/kg of unfractionated intra-
venous heparin) as the groin wound was being closed and
was asked to open and close the contralateral hand and to
count aloud, whereon the exposed distal ICA was clamped
with a small atraumatic soft vascular clamp. Cerebral isch-
emia was usually evident within the first 30 seconds. If the
neurologic function was maintained, gentle dissection of
the soft tissues overlying the common carotid artery (CCA)
proceeded. By the time further deep arterial dissection was
needed, the clamp had been applied for a number of
minutes and, if a shunt was not necessary, dissection of the
bifurcation and retraction and clamping of the ECA and
CCA could proceed with the ICA clamp remaining in
place. The ECA and superior thyroid arteries were con-
trolled with silicone vascular tapes, and the CCA was con-
trolled with a cushioned Fogarty arterial clamp. When a
shunt was needed, the ICA clamp was removed, careful
carotid bifurcation exposure was performed, the distal ICA
clamp was reapplied, followed by ECA and CCA control (as
previously mentioned), and the shunt was inserted (distal
[cerebral] end first) after the arteriotomy. Longitudinal
endarterectomy was performed, and the arteriotomy was
closed with the saphenous vein patch with a continuous 6-0
Prolene suture. With approximately 1 cm of the patch to
complete, the ICA and CCA were allowed to bleed freely
into the wound with release and then reapplication of the
ICA and CCA clamps sequentially followed with copious
flushing of the isolated segment with heparinized saline
solution. At completion of the closure, the ICA clamp was
removed and reapplied to the ICA close to the origin of the
ECA, so that the blood flow was initially directed up the
ECA on release of the ECA and superior thyroid artery
tapes and then the CCA clamp. Finally, ICA flow was
restored and the heparin reversed with protamine (1 mg per
100 IU heparin used). Completion imaging was not per-
formed.
Recovery. The patients were nursed for 3 to 4 hours in
a standard postanesthetic recovery room where they could
drink and take oral analgesia or be given intramuscular
codeine phosphate if pain persisted. Where possible, the
patients were discharged on the afternoon of the first
postoperative day in the care of a relative or friend. All the
patients were instructed to report any adverse events di-
rectly to the surgeon and were to be reviewed by a commu-
nity nurse at 4 days and 10 days (for neck and leg wound
suture removal, respectively) and by the surgeon at 1
month.
Verification. A neurologist (D.S.C.) independently
reviewed all patient hospital records to verify mortality,
major morbidity (stroke or myocardial infarction), return
to the operating room, consecutiveness, and length of stay.
Records were also independently assessed for verification/
exclusion of readmission of patients and the reason.
RESULTS
From November 17, 1999, to November 15, 2001,
148 consecutive CEAs were performed. No patient who
fulfilled the symptomatic entry criteria was excluded as
being medically “unfit” or too old. However, during this
period, two patients with asymptomatic severe stenoses
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were excluded because of neck scarring associated with
previous deep x-ray therapy. Patient characteristics and risk
factors are summarized in Table I. Cerebral angiography
was performed in only one patient (because of severe wide-
spread extracranial disease). Patients with cardiac disease
included two patients who were symptomatic with unstable
angina (both with inoperable coronary artery disease), one
patient 2 weeks after myocardial infarction in preparation
for coronary artery bypass grafting (CABG), and one 84-
year-old woman with severe cardiac asthma in preparation
for aortic valve replacement and CABG.
In 142 of 148 cases, exposure and clamping of the soft
distal ICA beyond the plaque-bearing area was possible
without dissection and lifting of the carotid bifurcation
(Fig). In 14 of these cases, a shunt was required, which
necessitated removal of the clamp and completion of the
carotid bifurcation dissection before final control of the
ICA. In the remaining six cases, the carotid bifurcation
needed exposure and retraction to apply a clamp beyond
the plaque, and in one of these cases, the clamp required
removal again for placement of a shunt. All the patients in
whom the clamp required removal for shunt placement
recovered full neurologic function both when the clamp
was initially removed and after shunt insertion. That is, in
128 patients (86%), the procedure could be performed with
the brain theoretically protected from plaque embolism
with the ICA clamp. All the patients received a saphenous
vein patch. With the exclusion from consideration of the
patient who remained in the hospital for CABG, 138
patients (94%) spent only one postoperative night in the
hospital. Readmission within 30 days was needed for three
patients, each for unrelated pathology (prostatic hematuria,
biliary colic, and pancreatitis). There were no deaths or
strokes. One patient had a vertebrobasilar transient is-
chemic attack on the first postoperative day, but it had
completely resolved by the second postoperative day when
she was discharged, and another patient (with inoperable
coronary artery disease and a myocardial infarct 6 months
before, who had stopped prescribed betablocker therapy
Operative photograph shows selective isolation and control of distal internal carotid artery with soft vascular clamp in
conscious patient with full heparinization before dissection of plaque-bearing area.
Table I. Patient characteristics in 148 consecutive
carotid endarterectomy patients
No. of
patients
Male 100 (68%)
Female 48 (32%)
Average age 72 years
Age range 43 to 91
80 years or over 33 (22%)
Prior smoking 117 (79%)
Hypertension 91 (61%)
Ischemic heart disease 54 (36%)
Hyperlipidemia 54 (36%)
Diabetes 21 (14%)
Symptomatic 107 (72%)
Asymptomatic 41 (28%)
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without physician knowledge until after the surgery) had a
myocardial infarct 16 hours after surgery. All patients un-
derwent review at 1 month, except the last eight patients
who would undergo review at 1 month but who were
contacted on November 20, 2001, to check any unre-
ported adverse clinical events. Complications are shown in
Table II. No patient had symptoms that required in-
hospital neurologic review. The patient with the accessory
nerve palsy only became aware of the deficit 1 week after
hospital discharge. One patient returned to the operating
room for release of a small to moderate size cervical hema-
toma (6 hours after surgery), with no bleeding point found
and no delay in hospital discharge.
DISCUSSION
In the early 1990s, major landmark trials in North
America and Europe showed the efficacy of CEA (in com-
bination with “best medical” treatment) when performed
by experienced surgeons for the correct indications.11-13
Although CEA is most often performed with minimal
complication, occasionally stroke and death occur. A reduc-
tion of perioperative stroke rate to 0% has been estimated to
increase the relative reduction in long-term risk of stroke in
symptomatic patients with70% stenosis from 45% to 75%
compared with best medical therapy alone.2 Precise surgical
techniques are necessary to minimize complications, but
there is continuing debate as to the optimal way surgical
techniques should be applied for achievement of the safest
outcome.
The performance of CEA in conscious patients is in-
structive because the precise time of onset of a neurologic
problem is known, thereby allowing a more accurate ap-
praisal of its cause. Riles et al14 classified the causes of stroke
associated with CEA in a large series of more than 3000
cases (mostly performed in conscious patients). Stroke can
occur from embolism during and after the procedure, from
thrombotic occlusion of the endarterectomized vessel,
from cerebral hypoperfusion, from complications associ-
ated with shunt insertion, from secondary effects related to
cervical hemorrhage, from intracranial hemorrhage, and
from causes unrelated to the operated artery (eg, cardiac
embolism).
Strategies to reduce stroke include patch grafting to
close the arteriotomy,15-20 selective shunting,21-23 the total
avoidance of shunts,24,25 eversion CEA,26-31 and intraop-
erative assessment of technical perfection.32,33 Dextran 40
has been shown to be advantageous in reduction of embo-
lism from, and postoperative thrombosis of, the endarter-
ectomized vessel.2,4,5 We have been routinely using peri-
operative dextran 40 since 1986 and have not observed any
untoward effects from its use.
With a combination of selective avoidance of shunts in
conscious patients, vein patching from the groin, and peri-
operative dextran, we have not had a perioperative stroke or
death in patients without shunts from the time of ICA
clamping.34,35 Furthermore, we have been able to offer
such procedures without exclusion of patients at high risk
and of advanced age. However it was the occurrence of two
patients with preclamp strokes at the time of “careful”
carotid bifurcation exposure in late 1997, combined with
awareness of reported TCD evidence of embolic occur-
rence during carotid artery exposure,1-8 that stimulated us
to adopt the method of ICA exposure herein described.
Although the importance of “careful carotid dissec-
tion” has been long recognized,36,37 little has been written
about the details of carotid exposure, even in texts that deal
with vascular surgical techniques.38,39 Intraoperative TCD
techniques have shown that emboli occur during the per-
formance of CEA, and in the early stages of carotid dissec-
tion, those emboli are particulate and of the type that have
been associated with perioperative cognitive and neuro-
logic sequelae.1,8 In addition, embolization has been
shown to be modified with an alteration in dissecting
technique and to stop with application of the ICA clamp.8
The risk of cerebral embolism during carotid artery expo-
sure would be expected to be higher in patients who were
symptomatic with unstable plaques.8,36 It would, there-
fore, seem logical to selectively isolate and clamp the distal
ICA as early as possible during CEA. In addition, with this
method of early distal ICA exposure, we have found exten-
sive posterior dissection of the bulb region to be unneces-
sary, theoretically minimizing the chance of vagal nerve
injury.
We have shown that the early exposure of the soft,
nondiseased ICA (without disturbance and retraction of
the plaque-bearing area) is possible in 96% of cases, and in
86% of the cases, the remainder of the procedure can be
completed with the ICA clamped and the brain theoreti-
cally protected. Although we have not monitored our
technique with TCD, it is reasonable to assume that, when
a shunt is not used, particulate plaque embolism would be
minimal with this technique.
We are confident that surgeons not already using this
technique would be surprised, as we were, with the high
achievability of such an exposure early in the operation,
even in patients with short necks, high carotid bifurcations,
and long plaques. We believe such a maneuver is the
optimal way to avoid or minimize intraoperative cerebral
plaque embolism and that it is an important link in the
safety chain for patients who undergo surgical CEA.
Table II. Postoperative complications in 148 consecutive
patients for carotid endarterectomy
No. of
cases
Transient accessory nerve dysfunction 1
Congestive cardiac failure 1
Vertebro-basilor TIA 1
Myocardial infarction 1
Nausea and vomiting (delayed hospital
discharge; resolution within 48 hours)
4
TIA, Transient ischemic attack.
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CONCLUSION
Our study does not prove that this sequence of carotid
artery exposure is safer than any other, nor do we mean to
infer that this method may not already be widely practiced.
The study does, however, document the high achievability
of early distal ICA control, and the favorable results indi-
cate that further evaluation, particularly with TCD moni-
toring, is warranted.
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